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RAMIN KHORASANI, MD, MPH

Computer-aided diagnosis (CAD)
is an exciting field of investigation
that promises to increase the effi-
ciency of radiologists while increas-
ing accuracy. This is of particular
interest at a time when the com-
plexity of imaging examinations is
rising, the demand for imaging is
increasing, and reimbursement is
declining.

Traditionally, there have been 2
kinds of CAD: CAD for detection
(CADe) and CAD for assigning di-
agnostic possibilities. We believe
that a third member should be
added to the CAD family: CAD for
change detection and characteriza-
tion (CAD-CDC). The first 2 types
of CAD have been studied for some
time, and there is an extensive liter-
ature, which we will not review
here. Computer-aided diagnosis for
CDC is a much younger field that is
only beginning to be applied in ra-
diology [1-3].

The basic tenets of CAD-CDC
are that using the common or cor-
related information from 2 time
points allows the greater suppres-
sion of noise and greater accuracy
than is possible when the 2 exami-
nations are measured indepen-
dently. The second tenet is that it is
not necessary to assign specific con-
tours to structures or lesions; only
changes in those structures or le-
sions need be characterized.

When change detection is men-
tioned, most people unfamiliar
with the field think of subtraction.
This is a good starting point for dis-
cussion. The subtraction of 2 dif-
ferent time points is actually a sim-

ple form of change detection, but
one that suffers from a high level of
noise and low specificity. If more
information is available at each
time point (eg, magnetic resonance
images with multiple contrast
properties, computed tomographic
attenuation values with different x-
ray energies or from different con-
trast phases), it is possible to sup-
press noise between 2 time points
by using the additional information
available from the different image
types.

If one can derive information
about tissue types, one can also cor-
rectly avoid some errors. One ex-
ample is from brain magnetic reso-
nance imaging, in which white
matter with a small amount of
edema will signal like gray matter
on standard pulse sequences such as
T,-weighted, T,-weighted, and
fluid-attenuated inversion recovery
images. However, if on the other
time point this tissue was either
normal or had enough edema that
this mistake would not be made, a
change detection algorithm could
correctly assign that tissue to white
matter with edema rather than gray
matter.

One can also suppress noise by
requiring consistency within neigh-
borhoods of points: it is unlikely
that a single pixel would truly have
a change of one type if all its neigh-
bors changed in a different manner.
However, if many pixels in a region
change in the same direction, this is
unlikely to be noise.

The second appeal of CAD-
CDC is that precise segmentation
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is not necessary. The traditional
method for measuring the growth
of a tumor is to segment the 2 ex-
aminations, calculate the volume at
each time point, and subtract. This
can be a challenge because tumors
often have ill-defined boundaries,
which will result in uncertainty
about the margin. Depending on
the algorithm or the human opera-
tor, the decision criteria for defin-
ing the lesion boundary may be dif-
ferent for point,
producing apparent change when
no real change is present. The poor
reproducibility of lesion measure-
ment is well-known and is often in
the range of 10%. Computer-as-
sisted methods can reduce this to
perhaps 5% for reasonably well-de-
fined lesions.

Change detection does not need
to precisely define the boundary, a
feat that may not be possible. Radi-
ologists have long used speculated
and infiltrative margins as a sign of
malignancy, and this lack of a
boundary is proven in pathologic
studies for many types of tumors.
Computer-aided  diagnosis  for
CDC reduces the impact of ill-de-
fined boundaries,
boundary is similarly hazy on the 2
examinations, the computer will
correctly decide that there is no
change. This is a reasonable as-
sumption: whatever effects partial
volume artifact has on a given im-
age type should be consistent. Con-
versely, if a (hazy) boundary shifts,
that can accurately be assessed, even
if the “true” tumor volume (if such

each time

because if a
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a thing exists) is not accurately mea-
sured.

The widespread availability of
imaging means that an increasing
fraction of patients will have prior
imaging studies that must be com-
pared. This will continue to in-
crease as imaging is increasingly
used for screening purposes. The
knowledge present in those exami-
nations can be leveraged with
change detection technology.

If the accuracy of the prior exam-
ination interpretation can be
trusted, a CAD-CDC algorithm
could highlight the subset of images
in which there is change. Although
this is probably not acceptable
practice, it could provide “point-
ers” to locations of change (much
like CADe) to minimize the chance
that important changes will not be
detected. Computer-aided diagno-
sis for CDC can also help standard-
ize the magnitude of change that is
considered significant. It is often
difficult to be certain whether mi-
nor changes in appearance repre-
sent real changes or are related to
technical differences in acquisition
properties. Computer-aided diag-
nosis for CDC may be better able to
distinguish real changes from arti-
facts.

It may also be possible to apply
change detection technology to ex-
aminations for which no priors ex-
ist. Image-warping methods could
warp an anatomic atlas onto a pa-
tient examination. A change detec-
tor could then identify regions
where the patient examination fails
to match accepted profiles for each

anatomic region for the examina-
tion image types.

Although CAD-CDC represents
an important advance in technol-
ogy, it is critical that the user side
not be ignored. As with CADe, the
proper presentation of the algo-
rithm results is critical to maximiz-
ing the advantage gained. There are
2 important aspects of the image
manipulation that make the pre-
sentation a bit more complicated
than for CADe. First, CAD-CDC
typically requires some sort of
alignment between old and new
studies. That raises the question of
whether the nonaligned old study
should be displayed for visual com-
parison, or the aligned. In several
studies, radiologists using aligned
images are more accurate and more
efficient. We also believe that new
modes of presenting these aligned
images will further increase the
benefit.

The second aspect of presenta-
tion is that CADe has a single type
of output: “a lesion may be present
at this location.” For CAD-CDC,
each location may be unchanged,
or changed in any of a number of
ways, namely, the permutation of
the tissues involved. In the case of
cancer, the tissues would be nor-
mal, tumor, peritumoral edema,
and necrosis at a minimum. Be-
cause any of these could progress to
any other (except for necrosis turn-
ing back to tumor or normal), there
are 12 possible transitions. Further-
more, there are degrees of change
for each of these 12 transitions (eg,
a little edema progressing to a lot of

tumor, or mostly tumor going to
normal). Representing all this in-
formation in a compact form has
been a challenge in our testing. In a
more recent version, we have re-
duced the 12 transitions back to 2:
good change or bad change. These
are represented as red or green over-
lays on the postcontrast image, with
the intensity indicating the magni-
tude of change. The user may tog-
gle the color overlay on and off to
see the underlying image data. Al-
though this presentation mode
seems an improvement, the benefit
has not yet been documented.

Computer-aided diagnosis for
CDC s likely to become a common
technology in the next 5 years. It
will begin with tools to allow align-
ment of old and new imaging stud-
ies. Tools to subtract these (much
like DSA) may then be applied.
True CAD-CDC will come shortly
after that, as the complexity of data
sets demands more than what sub-
traction can provide.
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